Water is central to life and earth processes, connecting physical, biological, chemical, ecological, and economic forces across the landscape. The vast scope of hydrologic sciences requires research efforts worldwide and across a wide range of disciplines. While hydrologic processes and scientific investigations related to sustainable agricultural systems are based on universal principles, research to understand processes and evaluate management practices is often site-specific to achieve a critical mass of expertise and research infrastructure to address spatially, temporally, and ecologically complex systems. In the face of dynamic climate, market, and policy environments, long-term research is required to understand and predict risks and possible outcomes of alternative scenarios. This special section describes the USDA-ARS's long-term research (1961 to present) in the Upper Washita River basin of Oklahoma. Data papers document datasets in detail (weather, hydrology, physiography, land cover, and sediment and nutrient water quality), and associated research papers present analyses based on those data. This living history of research is presented to engage collaborative scientists across institutions and disciplines to further explore complex, interactive processes and systems. Application of scientific understanding to resolve pressing challenges to agriculture while enhancing resilience of linked land and human systems will require complex research approaches. Research areas that this watershed research program continues to address include: resilience to current and future climate pressures; sources, fate, and transport of contaminants at a watershed scale; linked atmospheric-surfacesubsurface hydrologic processes; high spatiotemporal resolution analyses of linked hydrologic processes; and multiple-objective decision making across linked farm to watershed scales.
H eraclitus of Ephesus, a fifth-century BCE philosopher, wrote, "You cannot step twice into the same river, for other waters and yet others go ever flowing on" (Harris, n.d.) , expressing a view of the world characterized by a constant state of flux, with opposite forces in a state of dynamic equilibrium (Trinity College, 2013) . Because of the constant state of flux, the multitude of opposing forces, and increasing evidence that forces are not in dynamic equilibrium, study of hydrologic sciences is extremely complex and requires a sustained and transdisciplinary approach.
Water is central to life and earth processes, connecting physical, biological, chemical, ecological, and economic forces on the landscape. Water, with all its complexity and multiple facets, is central to agriculture; and because agricultural land uses are such a dominant part of the earth's land cover, agricultural land use and management are critical to water processes and systems at all scales. Challenges to the science and practice of agriculture have never been greater, as articulated in the American Society of Agronomy's Grand Challenge to "double global food, feed, fiber, and fuel production on existing farmland within the 21st century with production systems that: enable food security; use resources more efficiently; enhance soil, water, and air quality, biodiversity, and ecosystem health; and are economically viable and socially responsible" (ASA, 2010) .
With the prospect of accelerated climate change, changes in the frequency and intensity of hydrologic processes will likely pose severe societal challenges (Gleik, 1998; Rosegrant et al., 2002; USCCSP, 2008; Hatfield et al., 2011; Izaurralde et al., 2011; Walthall et al., 2012) . Expected changes in precipitation (amount, frequency, seasonality, and intensity) may also lead to increased soil erosion and water quality concerns (Nearing et al., 2004; Hatfield and Prueger, 2004; USCCSP, 2008; Zhang et al., 2011; Zhang, 2012b) . Increasing population and expansion of human population centers directly affect water resources by drawing from the pool, thereby decreasing water and land available for agriculture, and through impairment of water through pollution. Top scientific challenges facing agriculture in coming decades as identified by the President's Advisory Council on Science and Technology (PCAST, 2012) are to manage new pests, pathogens, and invasive plants; increase the efficiency of water use; reduce the environmental footprint of agriculture; adapt to a changing climate; and accommodate demands for bioenergy-all while continuing to produce safe and nutritious food at home and for those in need abroad. Water is central, in numerous ways, to each of these challenges.
The National Research Council Committee on Challenges and Opportunities in the Hydrologic Sciences (2012) identified three critical challenges: (i) The Water Cycle as an Agent of Change, (ii) Water and Life, and (iii) Clean Water for People and Ecosystems. Of the specific research priorities identified in the report, many are directly relevant to agricultural watersheds, including the following:
• lack of knowledge and understanding of how the human "replumbing" of the hydrologic system will affect processes and systems; • inadequate understanding of key components of recharge and evapotranspiration; interlinkages of water cycle components; • lack of knowledge of causality of observed shifts and flow regime changes and the associated environmental impacts; • lack of knowledge about hydrologic response to changes in climate and land use over short time scales and how to interpret responses in the context of longer time scale changes; • lack of understanding of movement of contaminants through an interconnected world; interactions of contaminants with hydrologic processes and aquatic ecosystems; and • impacts of large scale drivers such as climate change, agriculture, urbanization, and the water-energy nexus on water quality. The National Research Council Committee on Challenges and Opportunities in the Hydrologic Sciences (2012) report further called for interdisciplinary science, education to build capacity to do interdisciplinary science, and translational research where improvements in understanding are linked to better management and technology options.
This special section of papers documents one of the USDA-ARS's long-term watershed research sites in order to make the data and associated research accessible to a wide research community. The watershed research living history is intended to provide a resource that allows scientists from all disciplines to further explore complex, interactive processes and systems. The watershed scale is useful for developing an understanding of the hydrological cycle, particularly surface hydrologic processes because the boundary conditions are generally well defined in terms that are relevant to key driving forces and processes; interactions among multiple driving forces and different land uses are addressed; key environmental impacts of agriculture are often realized in water bodies and aquatic habitats; and landowners and managers in the watershed have a natural affinity for the water resource, facilitating collaboration and transfer of new knowledge to relevant decision makers and stakeholders.
Limitations to watershed-scale research are associated with processes occurring at multiple spatiotemporal scales in a highly complex fashion. Some of the processes are strongly influenced by forces from outside the boundaries. For instance, in systems where groundwater is an important component of the overall hydrologic system, there are challenges resulting from different boundaries for the interlinked subsurface and surface hydrology.
The critical role of data in advancing hydrologic scientific understanding was highlighted in a National Research Council report (NRC, 2001) . In a national climate change research assessment, Hornberger et al. (2001) emphasized that analysis of patterns of variability will require archiving and preservation of long-term hydrologic records while continuing observations indefinitely at sites with long-term, high-quality records. Kinzig (2001) highlighted the need for interdisciplinary research in the area of communicating scientific information and emphasized benefits of information technology on flows of scientific information to diverse citizen and stakeholder groups. Steiner et al. (2009a) discussed the critical need for data systems in natural resources disciplines to provide data storage, access, visualization, and linkage to analysis and modeling tools.
In the face of dynamic climate, market, and policy environments, research over long time periods is needed to understand and predict the risks and possible outcomes of alternative scenarios. While agroecosystems processes and scientific questions related to sustainable agricultural systems are based on universal principles, research to understand the processes and evaluate alternatives often is site-specific to concentrate a critical mass of scientific expertise and research infrastructure to address spatially, temporally, and ecologically complex systems. The USDA-ARS supports a body of research conducted at the watershed scale, over long time periods, to build the scientific base required to analyze complex agroecosystems and develop tools to support risk-based agricultural and natural resource management. Several USDA-ARS watershed research teams have developed collections of papers to describe in detail data from watersheds within key agroecoregions (Hatfield et al., 1999; Marks, 2001; Locke, 2004; Bosch et al., 2007; Moran et al., 2008; Bryant et al., 2011) . Research in the Upper Washita River basin of southwestern Oklahoma, the focus of this special section, is one site in the USDA-ARS long-term watershed research portfolio.
Watershed Description and Key Scientific Contributions
The Upper Washita River basin (UWRB) in southwestern Oklahoma has been the focus of USDA and soil conservation district initiatives since the 1930s (Phillips and Harrison, 2004) and the site of USDA-ARS research since 1961. While longterm, the research has varied through the years (Table 1) as the research mission and available resources varied (Garbrecht et al., 2007) . The team responsible for the research has been moved from Chickasha, OK (1961 -1978 , to Durant, OK (1978 -1996 , and to El Reno, OK (1996-present) . The research has been conducted in 13 subwatersheds of the UWRB (Fig. 1) . Throughout its history, the research has focused on quantifying and improving models to simulate impacts of agricultural management on soil and water resources. Spatially and temporally intensive precipitation monitoring and climate research has been a core theme throughout the research history. The team has also contributed to development of tools to support geospatial characterization. Because of the spatially dense monitoring network, the site has served as an important test bed for large hydrologic and remote sensing campaigns. Research is currently focused in the Little Washita River Experimental Watershed (LWREW) and the Fort Cobb Reservoir Experimental Watershed (FCREW) (Fig. 1) as part of the USDA Conservation Effects Assessment Project (CEAP) (Mausbach and Dedrick, 2004; Steiner et al., 2008b) and as a key component of the Southern Plains site in the LongTerm Agroecosystem Research Network (LTAR) (Walbridge and Shafer, 2011) .
Physiographic Context
The UWRB spans the Prairie Tableland, Cross Timbers Transition, Northwestern Crosstimbers, and Rolling Red Hills ecoregions (Woods et al., 2005) . Although data will be presented from many of the subwatersheds illustrated in Fig. 1 , current data collection is focused on the LWREW and the FCREW which are described below and in more detail by Steiner et al. (2008b) and Becker et al. (2007) .
The 610-km 2 (above stream gauge) LWREW has mixed agricultural land use, including pasture and rangeland, cropland, forest, and miscellaneous uses. The topography is rolling with a maximum relief of 180 m (Allen and Naney, 1991). The 786-km 2 (above the dam) FCREW also has mixed agricultural land use, including cropland, pasture and rangeland, forests and shrub land, water, and miscellaneous uses. Soils are heterogeneous erosive fine sandy loams, highly erosive fine sandy loams, loamy soils, and moderately erosive silt loams. In the UWRB, the Rush Springs aquifer plays a key role in sustaining base flow and is an important water source for domestic, irrigation, and public supplies. The aquifer underlies 46% of the LWREW and about 80% of the FCREW (Becker and Runkle, 1998) . The climate is sub-humid, with the normal annual precipitation for Caddo County from 1971 to 2000 being about 800 mm (Oklahoma Climate Survey, 2013) , with the largest monthly precipitation coming in May, June, September, and October. Summers are typically long, hot, and relatively dry with normal daily mean temperatures in July of 28.6°C. Winters are typically short, temperate, and dry with normal daily mean temperatures in January of 3.0°C. Across the research area that spans roughly 100 km, there is an average annual temperature gradient of about 0.017°C km -1 from southeast to northwest and an average annual precipitation gradient of about 0.75 mm km -1 from east to west.
Agricultural Land Use and Demographics
Agriculture in the Southern Plains of the United States is characterized by mixed crop-livestock enterprises. Substantial portions of the landscape are perennial grasslands including native prairie, former cropland reverted to native species, and planted pastures of various species. Cropland is dominated by winter wheat (Triticum aestivum L), which also provides an important cool-season forage for beef cattle. Producers in this region must contend with a high level of uncertainty associated with climate, as well as with market prices in which input costs are rising, commodity prices are subject to rapid swings, and impacts of future consumer preferences related to the products produced are unknown. Agricultural systems are affected by a wide array of policies, including regulation, in the agricultural, environmental, energy, and global trade realms. While producers' motivation is often represented as "the bottom line, " in reality agricultural producers are motivated by a complex mix of economic, personal, and social values and generally have multiple objectives in farm management goals.
Agriculture in the UWRB exhibits many of the characteristics that are of concern across the Southern Plains and beyond. Over 80% of the 810,000 ha in the UWRB is in some form of farming activity. Statistically valid farm distributions were first developed for all Oklahoma counties using the 1997 Agricultural Census data (Osei et al., 2003a) and were updated using the 2007 Agricultural Census county-level data ( Table 2 ). The farm distributions indicate that 3555 farms in the UWRB occupy 631,334 ha, roughly half of which is cropland. The average farm size is 178 ha. The majority of operations have cattle, and more than half have beef cows. Grazing is a prominent practice on pastureland and rangeland, and a significant portion of the cropland and woodland is also grazed. A significant number of farms grow winter wheat, often as a dual-purpose crop (winter forage for beef cattle plus grain), and a large number also raise small grains as a hay crop.
In Caddo County, which is the only county that includes land in both watersheds, the 2007 Agricultural Census (USDA-NASS, 2007) indicated that there were 303,716 ha of farmland, of which 91,058 ha were harvested cropland. Of the 1584 farms, 72% were small family farms, 93% were family farms of all sizes, and the average years of operation on the farm was 22.9 yr. The average age of the operator was 57.1 yr. While the primary operators were 92% male, 36% of the farms identified one or more female operators.
Most crops and pastures in the UWRB, including the LWREW, are rainfed. About 20% of the land in FCREW is irrigated from the Rush Springs aquifer, primarily by center pivot irrigation systems. The number of wells increased rapidly between 1950 to the early 1980s and has increased only gradually since. Irrigation provides a buffer against drought and allows diverse crops to be grown, but extraction of water introduces complex hydrologic interactions that are poorly quantified in this watershed, including decreased groundwater level, decreased base flow, increased antecedent soil moisture at the time of many precipitation events, and altered surface aquatic ecosystems. Irrigation is applied to a variety of annual crops, including winter
, and a variety of specialty crops. In addition, bermudagrass [Cynodon dactylon (L.) Pers.] may be irrigated for pasture, hay, or sod production.
Scientific Contributions
Research from this watershed program has contributed to agricultural and natural resource model development and testing in numerous ways, normally through multilocation collaborative research efforts. The Agricultural Chemical Transport Model (ACTMO; Frere et al., 1975) was one of the first USDA-ARS watershed-scale water quality models that provided the basis for many subsequent modeling efforts. Sharpley et al. (1984) led development of the phosphorus (P) submodel of Average (ha on these farms) 67
Farms with pastured woodland 360
Average (ha on these farms) 6
Farms with other pastureland and rangeland 2,275
Average (ha on these farms) 134
Farms with wheat for grain 1,349 Average (ha on these farms) 118 † Source: Adapted from the 2007 Agricultural Census ( USDA-NASS, 2007) . ‡ Assuming that the watershed land use reflects the land use distribution of the nine counties it traverses: Caddo, Washita, Custer, Grady, Kiowa, Dewey, Comanche, Canadian, and Beckham Counties, decreasing from 74 to <1% of land area in the Upper Washita River basin.
the Environmental Policy Integrated Climate (EPIC) model (Sharpley and Williams, 1990) , and that work continues to provide the scientific basis for P dynamics in subsequent simulation models (APEX [Williams et al., 2008] , ALMANAC [Kiniry et al., 1992] , and others]. To support multilocation CEAP goals, Moriasi et al. (2009 Moriasi et al. ( , 2011a Moriasi et al. ( , 2012a Moriasi et al. ( , 2013a Moriasi et al. ( , 2013b contributed to improving and validating subsurface flow and tile drainage subroutines of the Soil and Water Assessment Tool (SWAT). Moriasi also leads a multilocation team that developed a dynamically linked SWAT and MODFLOW model (SWATmf; Guzman et al., 2013b Guzman et al., , 2013c , which combines the responsiveness of surface hydrology to spatially heterogeneous and time-varying land management along with the improved subsurface routing of water that flows below the root zone.
Using the UWRB database, Van Liew et al. (2003a) identified criteria for comparing models for application in watershed research and demonstrated impacts of alternate climate scenarios on hydrologic response using a modeling approach (Van Liew et al., 2003b) . Moriasi et al. (2007) et al. (2007) evaluated scaling issues relative to model calibration. Starks and Moriasi (2009) documented the importance of high-resolution precipitation input data to simulate daily watershed response, while Moriasi and Starks (2010) found that the SWAT model was less responsive to spatial resolution of soil input data than to spatial resolution of precipitation input data. Further, Chen et al. (2011) documented improved simulation of watershed hydrology by assimilating remotely sensed surface soil water content into a hydrologic model. Moriasi et al. (2011b) explored new methods to parameterize watershed models using rapid geomorphic assessment information to delineate variable stream conditions within a watershed network, and demonstrated application of reservoir sediment accumulation as a source of calibration or validation data for ungauged watersheds. Calibration and validation considerations from 22 model developers, summarized by Moriasi et al. (2012b) , provide guidance to the modeling community on recommended practices.
The CLIGEN stochastic weather generator (Nicks et al., 1995) is widely incorporated as a component in hydrologic and natural resource models including the Water Erosion Prediction Project (WEPP; Flanagan and Nearing, 1995) and SWAT (Arnold et al., 1998 . More recently, SYNTOR, which was developed to generate climate realizations for future climate scenarios, was successful in generating daily weather sequences with better replication of precipitation statistics Zhang, 2003, 2012) . Other climate-related contributions have been in the area of methods for downscaling global climate projections to local scales (Zhang, 2005 (Zhang, , 2007 (Zhang, , 2012a and application of climate forecasts and scenarios to agricultural and natural resource decision making (Zhang, 2003; Schneider and Garbrecht, 2008; Schneider and Wiener, 2009; Garbrecht et al., 2010) .
Modeling requires tools for geospatial characterization. The Topographic Parameterization Software model (TOPAZ; Garbrecht and Martz, 1994 , 1997a , 1997b Garbrecht, 1992, 1993) has been widely used to delineate flow pathways and subwatersheds in low-relief watersheds. Recently, Guzman et al. (2013a) developed a graphic user interface and framework for hydrologic and environmental data preparation, analysis, interpretation, visualization, and data modeling, SPELLmap, and demonstrated its capabilities using UWRB precipitation datasets.
Leveraging the extensive ground-based monitoring network, the LWREW and associated watersheds have provided important research and test-bed sites throughout the development of radarbased instrumentation to measure soil water content from satellites (Bryant et al., 2007; Jackson et al., 2010 Jackson et al., , 2012 Starks et al., 2006) , as well as methods for mapping land-surface carbon, water, and energy fluxes (Anderson et al., 2008) .
This research team made significant contributions to development of the watershed database Sustaining the Earths Watersheds: Agricultural Research Data System (STEWARDS, http://www.nrrig.mwa.ars.usda.gov/stewards/stewards.html), which was developed to provide access to data from ARS watershed research programs (Steiner et al., 2008a (Steiner et al., , 2009b Sadler et al., 2008) . STEWARDS provides watershed descriptions, data collection methods, geospatially explicit time series data, and geospatial layers for the watershed. However, only portions of the available data are provided in STEWARDS (focusing on daily instead of finer time scales). Further, datasets on STEWARDS are not reported in many key scientific indexing systems and thereby have not been widely visible to the broader transdisciplinary scientific community focused on water resources and hydrologic sciences. Therefore, this special section was developed to present the detailed history and methodology of the data collected from the UWRB to make this data resource widely available to current and future generations of researchers.
Contents of The Special Section
This special section includes two distinct types of papers. Data papers provide detailed documentation of datasets from UWRB watersheds, and research papers present analyses based on those datasets. Although the research in these watersheds is long-term, it has been dynamic as research priorities, funding levels, and measurement technologies have changed (Garbrecht et al., 2007) . While it is important to provide digital access to long-term data, data papers that are presented herein provide additional insights into the history of the measurement technologies, procedures, and quality of the data that will allow researchers to assess the suitability of these data for their applications. In many cases, the authors describe data collected by persons who are no longer living, and details about such data may be sparse or missing. In some cases, measurement sites were moved or numbers of sites were increased or decreased. Different types of data (weather, hydrology, physiography, land use, and water quality) require description of different sites, timelines, and quality concerns, requiring that each type of data be described individually. However to fully utilize the data, all may be needed; hence, the intent is to provide as comprehensive a description as is possible from the current team in a widely distributed publication to ensure the optimal utility of these data into the future. Data described in the data papers are accessible at ftp://164.58.150.21/. Additionally, papers focused on analysis of various aspects of current research are included to better illustrate the value of these data in elucidating key processes in the hydrologic sciences and addressing impacts of agriculture within a watershed context. This is a living research project; the data summarized and presented in the papers are part of research that is ongoing and intended to be supported indefinitely into the future. Starks et al. (2014a) provide a brief history of meteorological and soil climate data collection and document the measured variables within a watershed weather network on the LWREW and FCREW. Guzman et al. (2014) describe analysis for data stability (e.g., data screening) to identify consistency and nonhomogeneity issues of the USDA-ARS Micronet dataset. Additionally, in this paper, the Micronet dataset is complemented by surrounding Oklahoma Mesonet data (McPherson et al., 2007) for data filling, and generation of complete daily, monthly and annual time series for selected variables while performing trend analysis, change point tests, independency tests, and double mass analysis to provide a better understanding of the climate dataset. Moriasi et al. (2014b) describe hydrologic data available for the LWREW and the FCREW, including from flood retarding structures, stream gauges, and groundwater wells. Zhang et al. (2014) summarize sediment data measured at stream gauges and from unit source watersheds in the middle study reach of the middle Washita River (which includes both the LWREW and FCREW) during the period 1961 to 2012. The potential use of the sediment data is discussed, especially use of breakpoint data from the unit source watersheds for understanding erosion processes, assessing the effectiveness of conservation practices, and evaluating and validating process-based soil erosion models. Starks et al. (2014b) describe nutrient water quality data collected from stream gauge sites at high-and lowflow conditions, groundwater wells, a distributed network of sampling points along stream networks, unit source watersheds, and reservoirs. Data from sites along the stream network include physical and chemical measurements as well as contributing area characteristics for each site.
Data Papers
The physiographic database layers have been derived from multiple sources. Moriasi et al. (2014c) describe physiographic data available in the LWREW and the FCREW and their use and impact on transport processes, including digital elevation model (DEM) products, soils data, geologic formations, and rapid geomorphic assessment (RGA) data within the watershed boundaries. Starks et al. (2014c) describe land use change over four decades in the FCREW and LWREW, including description of recent and retrospective land cover studies conducted over these two watersheds, analysis of land cover over the period 1974 to 2007, and comparison across years.
Research Papers
Data from the UWRB provide a unique opportunity to study spatiotemporal heterogeneity and stability of key biological and transport properties over a long time period. Garbrecht et al. (2014) describe climate variability and change over the past six decades, within the context of the FCREW. Cosh et al. (2014) evaluate spatial and temporal stability of soil water content as a key driver of biogeochemical and ecological processes. The LWREW especially, with the longer data record, provides a unique opportunity to study temporal stability over a long time period. The authors also discuss temporal stability of soil moisture seasonally and during wet and dry periods and present a small hydrologic study using a temporally stable site in the FCREW Moriasi et al. (2014a) present data on seasonal and annual loads of nutrients and sediments to the Fort Cobb Reservoir as affected by high-flow events and seasonality, with mitigation options to address total maximum daily load. Additionally, they analyze streamflow-rainfall cross-correlations at different temporal scales to determine the impact of temporal rainfall resolution on streamflow-rainfall relationships, the effect of drainage area on peak flow and time to peak, and the corresponding implications on sediment and nutrient loadings to water bodies.
Gaps in Our Knowledge and Future Research Direction
Advancing the knowledge base in agroecosystems and hydrologic sciences requires complex research approaches that link across institutions and disciplines. This is essential to underpin application of scientific understanding to solving pressing constraints to sustainable intensification of agriculture while enhancing resilience of linked land and human systems. Above we discussed a number of nationally recognized research challenges in hydrologic sciences (National Research Council Committee on Challenges and Opportunities in the Hydrologic Sciences, 2012). Ongoing research addresses priority areas of concern identified in the LTAR Shared Research Strategy (Bryant et al., 2013) including agroecosystem productivity, climate variability and change, agricultural conservation and environmental quality, and socioeconomic viability and opportunities. Areas of research that are particularly relevant to hydrologic function of agricultural watersheds and agroecosystems include resilience to current and future climate pressures; sources, fate, and transport of contaminants; high spatiotemporal resolution processes and scaling across space and time; linked atmospheric-surface-subsurface hydrologic processes; and optimization of multiple objective decision making across linked farm-watershed scales (Table 3) .
Resilience to climate pressures is essential in the Great Plains, which is widely known for climate extremes and variability exhibited on daily, monthly, seasonal, and annual to decadal scales (Garbrecht and Rossel, 2002; Garbrecht et al., 2004) . Projected impacts from climate change include increases in aridity, temperature, and evapotranspiration (IPCC, 2007) and increased frequency of high intensity precipitation events (Diffenbaugh et al., 2013) . Agricultural soils, landscapes, and watersheds are most vulnerable to damage during severe storms that produce significant erosion, flooding, and rapid transport of pollutants, with corresponding detrimental effects on the environment and agricultural production potential (Solomon et al., 2007; Zhang et al., 2011 , Zhang, 2012b . Prolonged droughts reduce plant cover, increase groundwater extractions, and affect ecosystems dynamics. Similar climate variability and change pressures shape agroecosystems worldwide. Improved conservation planning and assessment tools are needed that support optimization of production and conservation practices for resilience across a broad range of weather and climate conditions. To achieve that, high spatiotemporal resolution weather station data need to be applied to develop better understanding of autocorrelation of key weather variables in space and time as well as methods to incorporate that new knowledge into decision support frameworks.
Because agricultural land uses have been implicated as a primary source of nonpoint-source pollution (Reibich and Demcheck, 2007) , with associated degradation of water bodies and expansion of hypoxic zones worldwide (Diaz and Rosenberg, 2008) , it is essential to improve our understanding of the sources, fate, and transport of contaminants within agricultural watersheds to better mitigate leakage from agriculture into other ecosystems. Wilson et al. (2008) found that over half of suspended sediment in streamflow in several agricultural watersheds was from channel processes, so conservation practices must target both upland erosion and concentrated flow sources and consider the role of legacy erosion and sedimentation. Jarvie et al. (2013) identified the need for more holistic approaches to managing eutrophication that accounts for legacies of past management and complex, nonlinear interactions within the watershed and riparian systems that cause apparent disconnects between nutrient loading reductions at the edge of field and lack of observable downstream responses.
Many hydrological processes and associated fate and transport phenomena occur at high spatial and temporal resolution, and misrepresentation of the spatial patterns of the phenomena contributes to uncertainty and error in subsequent analyses. Lack of data management and analysis tools is a major limitation to wider use of high-resolution atmospheric, surface, and subsurface environmental observations in hydrologic assessments. The importance of data models to facilitate analysis of temporal relationships and patterns through time is a growing field of research (Goodchild et al., 2007; Le, 2012) . Although there are tools available for visualization, data retrieval and analysis ( Jeong et al., 2006) , and applications in geographic dynamics (Karssenberg et al., 2001) , there is a need for integrated computational tools to integrate large spatially distributed Lack of knowledge of how the magnitude and timing of variations around some seasonal mean state significantly impact agricultural and natural resources Lack of knowledge of physically important process interactions, treating each variable separately and downplaying linkages in space and time Lack of tools for generating climate change scenarios that have proper spatial and temporal correlations Lack of tools for climate downscaling to local scales that capture the observed and projected biases toward more intensive storms and prolonged droughts Lack of knowledge of thresholds that may trigger ecological changes such as invasive species encroachment Lack of knowledge of impacts of drought intensity, duration, and timing on landscape and hydrologic processes, including constraints to post-drought recovery Lack of knowledge of cropping systems adaptation strategies needed to sustain productivity as climate changes (including issues such as vernalization requirements, heat stress, changing pest pressures, drought)
Sources, fate, and transport of contaminants Lack of understanding of spatially and temporally differing sources and pathways of diffuse contaminants within watersheds Lack of holistic approaches to managing eutrophication that accounts for legacies of past management and complex, nonlinear interactions within the watershed and riparian systems (Jarvie et al., 2013 ) Lack of interactive tools for selecting and placing upland and channel conservation practices to optimize their effectiveness, particularly lack of tools for concentrated flow regimes Lack of knowledge of relative impacts of extreme climate events and cumulative effects of smaller storms on upland erosion, bank failure, and channel processes on sediment and associated nutrient loading High spatiotemporal resolution processes and scaling across space and time Lack of cyberinfrastructure for managing, processing, analyzing, and integrating "big data" within models and lack of capability to efficiently explore high spatiotemporal resolution atmospheric, surface, and subsurface patterns and linked processes Fragmentation in computational tools to integrate disparate, large, spatially distributed datasets that include remote sensing data, site-specific time series, and derived inputs from models. Also, tools are needed to provide a framework for spatial analyses, metrics, and pattern recognition of time-dependent phenomena at the same spatiotemporal resolution of the targeted phenomenon of interest.
Linked atmospheric-surfacesubsurface hydrologic processes Problematic estimation of evapotranspiration at the watershed scale Lack of quantitative data on spatially distributed percolation fluxes for key management regimes and soils within a landscape Lack of knowledge of aquifer properties, groundwater systems conceptualization, and geological formations at local scales Lack of data on groundwater extractions Lack of tools to fully evaluate impacts of surface land management on groundwater quantity and quality outcomes Lack of knowledge of the role of base flow in ecosystems response and resilience Lack of tools to evaluate impacts of extreme events on interactive, linked hydrologic processes Multiple objective decision making at linked farm-watershed scales Lack of knowledge of the multiple management objectives of land owners and producers that span farmwatershed-community scales Lack of integrated decision support tools to optimize multiple economic, environmental, and social goals Lack of models to evaluate mixed crop-livestock enterprise systems and to evaluate economic and biophysical indicators in an integrated framework Lack of tools to assess tradeoffs between the whole-farm and watershed-scale context and better methods to communicate probabilistic outcomes Lack of effective ways of disseminating risk-based decision support information to farmers and producers Lack of structure to engage conservationists and farmers as partners in the development of new tools to support conservation planning and farm level decision making (McCown, 2002; McCown et al., 2002) datasets in the hydrologic sciences. Additionally, hydrologic processes occur in a continuum across linked atmospheric, surface, and subsurface domains, but available models focus on components of this continuum. Improved understanding of linked systems and appropriate representation of the processes that occur at interfaces is important to advance our knowledge of the system. As discussed earlier, agricultural producers and other stakeholders in agricultural watersheds are motivated by a complex mix of economic, personal, and social values, resulting in the need for multiple objective decision making at linked farm-to-watershed scales. However, decision support tools often focus on a component of the system and lack a balanced approach to address multiple goals within an optimization framework. Whittaker et al. (2009) integrated an economic model production with environmental processes within SWAT and included the capacity for optimization over multiple economic, ecologic, and hydrologic objectives. Additionally, the Comprehensive Economic and Environmental Optimization Tool (CEEOT; Saleh et al., 2007 Saleh et al., , 2011 Osei et al., 2000) has been applied to assess environmental issues associated with livestock production systems (Osei et al., 2003b) and environment and nutrient trading pilot projects (Saleh et al., 2011) . While further development of tools to assess tradeoffs between the whole-farm and watershedscale context and better methods to communicate probabilistic outcomes are needed, perhaps most critical is engaging farmers and conservationists as partners in the development of new tools to support conservation planning and farm-level decision making (McCown, 2002; McCown et al., 2002) .
Agroecosystem resilience and sustainability in the face of dynamic climates, markets, and policy is a central focus of the LTAR Southern Plains research, of which the UWRB watershed program is a key component (Fig. 2) . In the UWRB, productivity research focuses largely on improving the knowledge base of agroecosystem process interactions and models that have capability to represent processes and interactions of complex, mixed crop-livestock systems that dominate Southern Plains landscapes. Impacts of climate variability and change and agronomic issues related to agricultural conservation and environmental quality have been, and remain, primary focus areas since inception of research within the UWRB. Research to address socioeconomic viability and opportunities is focused on development and application of an optimization framework to address multiple objectives of diverse stakeholders. Research currently underway in the UWRB to address knowledge and technology gaps in hydrologic function of agroecosystems (Table  4) is parallel and complementary to related research conducted worldwide to address the critical gaps.
Conclusions
The National Research Council Committee on Challenges and Opportunities in the Hydrologic Sciences (2012) report on opportunities and challenges in hydrologic sciences stated the simple yet daunting warning that "Although water is renewable, it is not inexhaustible, " In the face of a changing landscape impacted by a changing climate, an expanding population must learn to cope with the finite water resource that is falling short of current or projected demands on it.
As was famously noted in the book Cadillac Desert (Reisner, 1986) , "Water flows uphill towards money." Better knowledge, analytical approaches, and optimization tools and a shared understanding of the values of alternate uses of water are needed to underpin evolving environmental markets, policy, regulation, incentive programs, and other mechanisms that can help water flow equitably and efficiently to address critical human and ecosystem requirements. This special section of papers is directed toward that goal by documenting and publishing a long-term, robust dataset that addresses a multitude of agricultural and hydrologic processes. These data are a resource that can support the broader scientific community as we strive toward the American Society of Agronomy's (2010) Grand Challenge for "production systems that enable food security; use resources more efficiently; enhance soil, water, and air quality, biodiversity, and ecosystem health; and are economically viable and socially responsible." 
